We realize an integrated hybrid optonanomechanical transducer for the detection of weak forces. We propose and demonstrate with our system that dissipative feedback dramatically decreases the averaging time necessary to detect an incoherent force. [4] . The ability to detect small forces with cantilever-based systems has led to remarkable achievements such as the detection of single spins [5] and the reconstruction of a virus [6] . Here we report the realization of an integrated hybrid nanooptomechanical transducer exhibiting a high force sensitivity of 74 aN Hz −1/2 even at room temperature. We propose and explicitly demonstrate by detecting a weak incoherent force that the required averaging time to measure an incoherent signal is dramatically reduced when dissipative feedback is applied on the mechanical transducer. We can detect signals as small as 4% of the thermal noise background with a certainty of five standard deviations in only 35 seconds.
Energy averaging, required for the detection of incoherent forces embedded in thermal noise, converges very slowly scaling as τ 1/4 with averaging time τ [5] . We propose, based on response calculations [11] , that feedback allows to enhance the sensitivity of a transducer by 4 Γ eff /Γ M for the detection of a weak incoherent force as long as its bandwidth is smaller than Γ eff (Γ M is the intrinsic mechanical linewidth, Γ eff is the effective mechanical linewidth under application of feedback defined as Γ eff = (1 + g)Γ M with g being the feedback gain parameter). Simultaneously, the proposed scheme allows to dramatically decrease the required averaging time necessary to detect a weak incoherent force with a given certainty by a factor of (Γ eff /Γ M ) 4 . We experimentally confirm our theory with the new hybrid transducer. First, by measuring the quadrature evolution of the thermal background, we determine its dispersion for different feedback gains from which an equivalent force spectral resolution (EFSR) is derived corresponding to the square root of the minimum detectable incoherent force (within 1 second of averaging and with one standard deviation of certainty). Fig. 2(a) shows the evolution of EFSR without and with feedback (Γ eff /Γ M = 57) showing that feedback improves the transducer's sensitivity. Fig. 2(b) shows that for a fixed averaging time the EFSR improves for higher feedback gains in excellent agreement with theory. In a second step, we directly prove our scheme by applying an external weak incoherent force via radiation pressure on the transducer and measuring its response. Fig. 2(c) shows the detection of the weak signal s (τ), amounting to only 4% of the thermal noise E th , over averaging time for three different feedback gains. Without feedback the signal cannot be detected within an averaging time of 35 seconds. Setting a moderate feedback (g = 6.5) reduces the signal's dispersion, however it is still insufficient to decide upon detection. With a high feedback gain (g = 32) the weak force is detected within 35 seconds with a certainty of five standard deviations.
In conclusion, we realized an optonanomechanical transducer for the detection of weak forces and showed how its performance can be significantly increased with feedback assisted sensitivity enhancement. The integration of the system is thereby of crucial importance, as it allows a stable operation over an extended period of time. As our device can be readily functionalised, we envision its application for studies at the light-mechanics interface. The feedback assisted sensitivity enhancement for detection of incoherent signals can be quickly adopted for other transducer systems.
